We assessed whether racial disparities in colon cancer surgery and chemotherapy existed in an equal-access health care system. in addition, we sought to examine whether racial differences varied according to demographic and tumor characteristics.
C olorectal cancer (CRC) is the third leading cause of cancer incidence and mortality among men and women in the united states.
1 the american Cancer society estimated that 143,460 new cases and 51,690 deaths would result from CRC in 2012; the majority (72%) of these incidence cases were expected to occur in the colon. 1 although CRC mortality rates have declined over time for both sexes among blacks and whites, racial disparities have widened and are not fully understood. 2, 3 tumor stage at diagnosis is a strong predictor of CRC mortality; given that blacks tend to be diagnosed with later-stage CRC, 4 racial variation in tumor stage at diagnosis likely accounts for much of the racial disparity in CRC mortality. however, within the same tumor stage, the decline in CRC mortality rate over time has been lower among blacks than whites. 3 thus, racial variations in other factors, such as cancer treatment 5, 6 and follow-up care, 7 are likely important as well. in the general us population, blacks and whites have been shown to undergo colon cancer treatment at disproportionate rates given the same tumor stage 6, 8 or after adjusting for tumor stage. 5, 9 although the gap between whites and blacks in the receipt of colon cancer surgery and chemotherapy has lessened over the years, racial differences are still apparent. 10, 11 Compared with whites, blacks tend to be less likely to receive surgery 9,12,13 and chemotherapy. 8, 9, 13 Racial disparities in treatment may be related to patient and physician characteristics, as well as factors related to the health care system. 14, 15 although physician recommendations on treatment, 16, 17 patient knowledge and beliefs on cancer, 18, 19 patient-doctor interaction, 20, 21 and shared decision making with family and friends 22, 23 may be related to the receipt of cancer treatment, accessibility to medical care (ie, cost and location of care 24, 25 and insurance type) 24 may be the most important factor, because it is directly related to the availability and implementation of treatment. in the united states, blacks tend to be less likely than whites to have health insurance and more likely to be insured through government programs, thus having lower access to medical care. 24, [26] [27] [28] therefore, black patients may be less likely to receive sufficient and timely treatment than white patients.
in an equal-access health care system, different racial/ ethnic groups have the same level of access to medical care. thus, any racial differences in the system may result from factors related to the actual use of care rather than the access. among studies performed in an equal-access system, white and black patients with CRC were found to undergo surgery, chemotherapy, and radiation therapy at equal rates. 29, 30 in addition to the studies in equal-access systems, research in quality-seeking facilities, such as the national Cancer institute-designated cancer centers and american College of surgeons national surgical Quality improvement Program hospitals, showed similar cancer outcomes between racial/ethnic groups. 31, 32 Patients who visit these facilities may have good access to care despite their race, and the similar outcomes might result from similar treatment between whites and blacks.
the us Department of Defense (DoD) military health system (mhs) provides equal medical care to all of its beneficiaries, regardless of racial background; therefore, the mhs offers an excellent environment to assess whether racial differences in cancer treatment exist given equal access to care. a recent study by hofmann et al 29 found no differences in colon cancer treatment between whites and blacks who were treated at DoD facilities. however, several issues that may have affected the results should be investigated further. first, treatment data, which were ascertained from the cancer registry only, may have been incomplete, because treatment that occurs multiple months after diagnosis might be underdetermined; the use of medical claims data in conjunction with registry data may provide more complete information. second, hispanic ethnicity, which may confound the white-black comparison, was not considered. third, comorbidities, which can affect the use of treatment and are known to vary by race, 33, 34 were not considered. furthermore, the potential confounding effects of demographic factors, tumor characteristics, and comorbidities were not considered simultaneously.
the objective of the current study was to use data from both the cancer registry and the medical claims system of the mhs to examine colon cancer treatment among nonhispanic white (nhW) and non-hispanic black (nhB) beneficiaries. We aimed to assess whether racial disparities in colon cancer surgery and chemotherapy exist in an equal-access health care system; we simultaneously controlled for all of the available potential confounders, including ethnicity and comorbidities, and assessed whether the relationship between race/ethnicity and treatment varied by age at diagnosis, sex, or tumor stage.
MATERIALS AND METHODS

Data
Source this project used consolidated data from 2 sources, the DoD Central Cancer Registry (CCR) and the mhs Data Repository (mDR). Both data sources contain information from DoD beneficiaries, including active duty members, retirees, national Guard and Reserve members, and their dependents. the CCR includes all of the cancer cases that are diagnosed and/or treated at military treatment facilities, and information is abstracted from patient records and entered into the CCR database by certified cancer registrars. the CCR contains data on demographics (age, sex, race/ethnicity, and marital status), tumor characteristics (stage, grade, and histology), screening, treatment (eg, surgery, chemotherapy, and radiation), and diagnosis. the mDR contains administrative and medical care claims data (ie, information on clinical diagnoses, diagnostic procedures, prescription medications, and treatment) for inpatient and outpatient services that are provided directly at military treatment facilities or paid for by the DoD at civilian facilities.
the project on which this analysis was based was reviewed and approved by the institutional review boards of the Walter Reed national military medical Center, tricare management activity, and the national institutes of health office of human subjects Research.
Study Population
Patients with colon adenocarcinoma were eligible for this study. the initial study population included 3311 patients (1960 men and 1351 women) who were diagnosed with histologically confirmed colon cancer between 1998 and 2007 in both the CCR and mDR. tumors that were solely reported via death certificate or autopsy were not included. Patients who were neither nhW nor nhB (n = 644), did not have an adenocarcinoma histology (n = 97), or had in situ tumors (n = 10) were excluded from the study.
Study Variables
Demographic variables were obtained from the CCR unless the values were missing, then supplemental data from the mDR were included. Values missing in both the CCR and mDR were classified as unknown. Race was categorized into 2 mutually exclusive groups on the basis of the definitions used in the 2000 us Census and was classified as nhW and nhB. marital status at diagnosis was classified as never married, married, other (separated, divorced, or widowed), and unknown. Beneficiaries were classified as either active duty or nonactive duty (ie, retiree and dependent) at the time of diagnosis. affiliated service branch was categorized as army, air force, marines, navy, other (ie, Coast Guard or Public health service), and unknown.
tumor characteristic data were obtained from the CCR. tumor stage at diagnosis was defined according to the american Joint Committee on Cancer staging recommendations and was categorized as stage i, stage ii, stage iii, and stage iV. 35 tumor grade was classified into 4 categories, by level of differentiation, including well differentiated, moderately differentiated, poorly differentiated, and unknown. 35 Colon cancer sites included cecum (C180), ascending colon (C182), hepatic flexure (C183), transverse colon (C184), splenic flexure (C185), descending colon (C186), sigmoid colon (C187), and unknown/ colon, not otherwise specified (C188-C189).
treatments compared were determined according to the national institutes of health clinical guideline that does not indicate radiation treatment for patients with colon cancer; 36 thus, receipt of radiation was not assessed in this study. the receipt of colon cancer surgery and chemotherapy was determined by combining the CCR and mDR data and was considered "yes" if either database recorded their occurrence within 12 months postdiagnosis. Yes/no concordance between the CCR and mDR was 88% for surgery and 82% for chemotherapy.
Comorbidities were considered present if a diagnosis based on the international Classification of Diseases, ninth revision, codes was recorded in inpatient and/or outpatient mDR data during the year before colon cancer diagnosis; to reduce the possibility of false diagnoses, a comorbidity had to be recorded in the data at least 3 times. the level of comorbidity for each individual was calculated on the basis of the Charlson comorbidity index, 37 excluding colon cancer diagnosis, and was categorized as having a weighted comorbidity of 0, 1, or ≥2.
Statistical Analysis χ
2 tests of significance were used to compare demographic, tumor, and health characteristics, as well as colon cancer treatment, between the 2 racial groups. logistic regression was used to control for potential confounders in assessing the associations between race and the receipt of colon cancer surgery or chemotherapy. Variables that are associated with both race/ethnicity and treatment or could possibly confound results were adjusted for in regression analyses. these variables included age at diagnosis, sex, marital status, active duty status, service branch, tumor stage, tumor grade, colon cancer site, presence of comorbidities, and recurrence. Regression analyses were conducted both overall and stratified by age at diagnosis (<50 years, 50-64 years, or ≥65 years), sex, and tumor stage. the ages of 50 and 65 years were chosen as cutoff points, because 50 years is the age recommended for colon cancer screening 38 and 65 years is the age eligible for medicare coverage.
39 individuals with medicare may visit medical facilities that are not covered by the mhs, and the data completeness may vary by race/ethnicity. oRs and 95% Cis were calculated. all of the statistical analyses were performed using sas software, version 9.3 for Windows (sas institute, inc, Cary, nC). all of the significance tests were 2 sided and performed at an α of 0.05.
RESULTS
a total of 2560 patients were included in the study (2047 nhWs and 513 nhBs). Racial differences in demographics and tumor characteristics were observed (tables 1 and 2). Compared with nhWs, at the time of diagnosis, nhBs were more likely to be younger, never married, on active duty, and affiliated with the army (p ≤ 0.02; table 1). in addition, nhBs were more likely than nhWs to be diagnosed with later-stage colon cancer and cancers located in the cecum or descending colon and less likely to have cancer in the sigmoid colon (p < 0.01; table 2). tumor grade, level of comorbidity, and recurrence did not differ significantly by race.
univariate analysis revealed racial differences in colon cancer treatment overall and/or when stratified by demographic characteristics (table 3). no differences in surgery were seen among nhWs and nhBs overall; however, racial differences were seen at age at diagnosis, with younger nhBs undergoing surgery less frequently than nhWs (p = 0.04). Racial differences in chemotherapy were observed overall and by sex in univariate analyses. overall, nhBs were more likely than nhWs to receive chemotherapy (p < 0.01). however, this difference was seen only among men (p < 0.01). after controlling for demographic, tumor, and health characteristics, the odds of receiving surgery or chemotherapy were similar between nhWs and nhBs (table 4). in addition, racial differences in the receipt of chemotherapy did not vary by age at diagnosis, sex, or tumor stage. stratified analyses were not conducted for surgery, because almost all of the nhBs underwent surgery for certain strata.
DISCUSSION
in this study, we examined racial disparities in colon cancer surgery and chemotherapy among DoD beneficiaries of all stages of disease who have equal access to care. univariate analysis revealed that, overall, there were no racial differences in surgery but that nhBs were more likely to receive chemotherapy than nhWs. in addition, younger nhWs were more likely to undergo surgery compared with nhBs, whereas nhB men were more likely to receive chemotherapy than their nhW counterparts. however, after multivariate adjustment, the odds of receiving colon cancer surgery or chemotherapy were similar between the 2 racial groups.
our findings suggest no racial/ethnic differences in the receipt of therapy in mhs beneficiaries. these results are consistent with a previous analysis within the mhs 29 ; however, the current study used not only cancer registry but also medical claims data to provide more complete treatment information and considered potential effects of additional factors that could influence the receipt of treatment (eg, hispanic ethnicity and the presence of comorbidities). in a previous study within the Veterans affairs health care system, 30 which is another equal-access system, there were also no differences in the receipt of colon cancer treatment between white and black patients. findings of these studies in an equal-access system contrast those of previous studies in the general population that have found that blacks are less likely to receive surgery and chemotherapy compared with whites. 8, 9, 12, 13 accessibility to medical care may play a role in the receipt of disproportionate treatment among whites and blacks in these studies. for example, in a population-based study that examined the effects of race on use of surgery, lack of health insurance and use of medicaid resulted in decreased receipt of surgical resection among blacks. 9 in the mhs, all of the beneficiaries receive health care without charge or for a minimal fee regardless of racial/ethnic background, and, thus, access to care is equal among various racial/ethnic groups. these findings in an equal-access system suggest that racial variations in colon cancer treatment observed in the general population likely result mainly from different levels of access to health care, which may affect treatment received.
Beyond access to care, physician treatment recommendations, 16, 17 patient-provider communication, 20, 21 patientphysician race concordance, 40 shared decision making with family and friends, 22, 23, 34, 35 and patient knowledge, attitude, and beliefs on cancer 18, 19 may also be related to the racial differences in colon cancer treatment observed in the general population. however, similar treatment use among mhs beneficiaries in this study suggests that these factors may not be substantially different between racial and ethnic groups. as a result, it is possible that patient and physician factors may not play a crucial role when access to medical care is equal and treatment is available. thus, it is likely that racial disparities in colon cancer treatment can be reduced through equal access to care. although this study had strengths in using more complete treatment data and considering the potential effects by ethnicity and comorbidities, there were also some limitations. DoD beneficiaries with supplemental health insurance may obtain health care services that are not paid for by the DoD; thus, our treatment data may not have been complete. however, during sensitivity analysis, when data were confined to DoD beneficiaries with tRiCaRe Prime, a health care program provided by the DoD in which beneficiaries receive free care or pay minimal fees for services in a health maintenance organization-like setting and are thus less likely to receive health care services not paid by the DoD, no differences in the receipt of colon cancer treatment were observed between nhWs and nhBs regardless of age at diagnosis, sex, and tumor stage (data not shown). therefore, it appears that incomplete treatment information might not have substantially affected our results. accurate timing and duration of chemotherapy and surgery could also not be calculated in this study because only the starting and ending month and year (rather than day) of a treatment were available based on the approved institutional review board protocol. therefore, our results should be tempered with potential caution because similar treatment frequencies between the different racial groups may, but do not necessarily, mean that the different racial groups received treatment in a comparable manner in terms of treatment timing and duration. furthermore, our study did not address whether black and white patients differed in terms of the interval between diagnosis and treatment and the frequency and duration of chemotherapy. as a result, further research is warranted.
CONCLUSION
in a health care system in which nhWs and nhBs have the same level of access to medical care, racial disparities in the receipt of colon cancer surgery and chemotherapy were not apparent. our study suggests the possibility that unequal access to care plays a major role in the racial disparities seen in colon cancer treatment in the general population.
